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AN ANALYSIS OF THE POTENTIAL ADVANTAGES
OF DISCHARGING WATER MIST IN THE PRIMARY DAMAGE AREA
IMMEDIATELY FOLLOWING A WEAPON HIT

1.0 INTRODUCTION

The recently completed Damage Control — Automation for Reduced Manning (DC-ARM)
program helped to identify and develop the systems, equipment and techniques that will be required to
significantly reduce the manning requirements for damage control (DC) and improve DC performance.
The DC-ARM technologies identified to contribute most to improved DC performance and reduced

manning included:

. Water mist for fire sﬁppression and fire containment,

. Sensors for fire detection and fire characterization,

. Fire main distributive controls for robustness, survivability and isolation of fire main
ruptures,

. Smoke ejection system (SES) for clearing smoke on the DC deck,

. Access closure monitoring to improve situation awareness,

. Video installed in most spaces for compartment monitoring and reduce investigation

workload, and
. Supervisory Control System (SCS) to enable effective situation awareness and overall

control of the DC response.

The DC-ARM program was built upon a series real-scale technology demonstrations that
progressed from manual (FY 98) [1], to remote manual (FY 00) [2], to automated (reflexive) control in
FY 01 [3] for the DC response. The program demonstrated that the DC manpower requirements on a
modern destroyer-type ship could be significantly reduced from present manning level of 105 to 45
people, with the proper integration of DC system automation and improved DC doctrine (organization &

procedures).

Manuscript approved August 19, 2003.




‘One important finding identified during the DC-ARM program [2,3] was the requirement to
reduce the thermal threat in the primary damage area (PDA) to complete the recovery actions in the
adjacent primary damage area (APDA) spaces. During the DC-ARM program, this was accomplished
through manual fire fighting using an indirect attack. The reduction in the thermal conditions in the PDA
(and reduced likelihood for fire spread) observed during these tests created and generated the interest of

using a survivable water mist system to achieve similar results.

The current DC-ARM water mist system installed on the ex-USS Shadwell was designed to meet
the fire hazard management objectives established by the International Maritime Organization (IMO) fire
test protocols for “accommédation, public spaces and service areas” on civilian ships [4]. The IMO
terminology for “Accommodation spaces, Corridors, Public spaces and Service areas” corresponds in
Navy terminology to “Small spaces, Passageways, Large spaces and Storage areas,” respectively. The
system consists of uniformly spaced overhead open pendent nozzles. The nozzles have a k-factor of 1.9
Lpm/bar” (0.13 gpm/psi”) and are installed with a maximum nozzle spacing of 3.5 m (11.5 f). The
system is designed to operate at 70 bar (1000 psi) and to discharge 0.4 Lpm/m’ (0.003 gpm/ft’), the value
currently xfsed for the LPD-17 machinery spaces [5].

Since the system is designed to commercial standards, it is unlikely to survive in the primary
damage area (PDA). Previous battle damage reports have shown that systems running through the space,
partiéularly in the overhead near the centerline of the ship, are most susceptible to damage and are
unlikely to survive the blast. As a result, the current system is likely to be limited in its ability to prevent
flashover in the PDA. To achieve automated flashover suppression in the PDA, more survivable water

mist system designs need to be developed and tested. Two such designs containing sidewall nozzles have

already been identified [6,7].

Prior to investigating more survivable desi gn/approaches, the amount of water required to control
 the fire in the PDA and prevent fire spread to adjacent spaces needed to be identified. This paper
analyzes the effects of discharging mist into the PDA and its ability to thermally manage the conditions in

the space. The analysis was then applied to a range of battle damage conditions to demonstrate the

potential advantages of this approach.

20 OBJECTIVE

The objective of this analysis was to identify the potential advantages (thermal management
capabilities) of spraying water mist into the PDA immediately following a weapon hit. Analytical

techniques, incident data and previous experimental results were analyzed and combined to form the basis

of this investigation.



TERMINOLOGY

The following terms should be understood prior to further discussion.

1. Primary Damage Area (PDA) — These compartments are directly affected by the weapons
blast. The bulkheads, decks or overheads within these compartments are either
fragmented or removed as result of the overpressure. It is assumed that there is free

communication between all areas of the PDA.

2. Adjacent to Primary Damage area (APDA) — These compartments/spaces border the
PDA. They share a common boundary (i.e., bulkhead, overhead, or deck) with a
compartment that is pért of the PDA. There is no free communication between the PDA
and APDA. Combustibles in these compartments have the potential to ignite due to heat
transferred through the boundary from the PDA. '

3. Control — To limit the fire growth rate/heat release rate of the fire and to minimize the

likelihood of fire spread to an adjacent space.
4. Suppression — A significant reduction in fire size (heat release rate) to a minimal value.

S. Extinguishment — A reduction of the fire size (heat release rate) to the point where

flaming combustion ceases to exist.

6. Flashover — The transition from a localized fire to a fully developed fire where all fuel
surfaces are burning and the compartment fills with flame. This condition has been

linked empirically to upper layer compartment temperatures on the order of 500-600 °C
(923-1112 °F) [8].

7. Tenable Conditions — Based on the effects that elevated temperatures have on humans
and electronic equipment, a maximum temperature of 80 °C (175 °F) is considered
tenable [2]. In making this determination, it was assumed that response team members
would be outfitted in coveralls, flash gear, and breathing masks, such that no skin would

be exposed.

8. Setting Boundaries — Maintaining tenable conditions and preventing a fire from

becoming established in APDA compartments.




10.

11.

12.

13.

14.

Piloted Ignition — Flaming combustion is initiated by an external (small) source, such as a
spark or a small independent flame. Conditions required for piloted ignition consist of a

minimum heat flux of 10 kW/m? [9] and/or fuel surface temperature between 200-

300 °C (392-572 °F) [10].

Spontaneous Ignition — Flaming combustion is initiated by heating from an external
source in the absence of a pilot. Conditions required for spontaneous ignition consist of a

minimum heat flux of 20 kW/m? [9] and /or fuel surfaces temperature between 250-
450 °C (482-842 °F) {10].

Fuel Limited Fire — A fire where the heat release rate is cbntrolled by the combustible

materials (i.e., quantity, burning characteristics, and surface area) in the compartment

[10].

Ventilation Limited Fire — A fire where the heat release rate is controlled by the air flow

into the compartment (both natural and forced) [10].

Ventilation Factor — A« H , where A is the area of the vent opening in square meters and
H is the height of the vent opening in meters. This parameter defines the maximum air

flow into a compartment during a ventilation limited fire and has the units of m 21101.

Thermal Management — The ability of a water mist/spray system to maintain the

temperatures in a compartment to acceptable levels. (Acceptable levels may be based on

either flashover suppression, fire spread, or tenability.)

. 4.0 TECHNICAL DISCUSSION

4.1 Analytical Techniques

During a typical weapon hit, the short duration high intensity thermal pulse created by the
detonation of the warhead is followed éhortly thereafter by a fully developed compartment fire. The

initial temperature spike caused by the detonation and consumption of the residual missile fuel/propellant

cannot easily be mitigated by the surviving portion of the mist system. Separate R&D programs have

been proposed to study the effects of preemptive discharge of water mist on mitigating the effects of the
blast. It is generally believed that the duration of this spike is too short to cause fire spread to adjacent

spaces through intact boundaries. Asa result, the objective of the mist system should be to mitigate the

effects of the ensuing compartment fire, which is the focus of this investigation {11].




Thermally managing the conditions in the PDA during the ensuing compartment fire has two
significant effects on the conditions in the space. First, the reduction in temperature will decrease the air
flow rate into the compartment, which lowers the maximum fire size that can be supported by any natural
vent openings. Second, if the water mist system can create adequate turbulence in the region around the
fire, the water vapor/steam and vitiated gases will dilute the oxygen, hence reducing the fire size even
further. In either case, the first step in the analysis is to predict the temperatures in the PDA. These
temperatures were predicted by conducting an energy balance calculation on the compartment (PDA)

expressed by the following equation:
QFire = QBoundary + QVenf + QWaler (])

where (O, , is the heat release rate of the fire; Q.Bow,da,y is the energy lost through the walls, ceiling, and

floor; Q,,m is the energy lost out of the vent opening; and Q'Wm, , is the energy absorbed by the mist.

The following assumptions were made to simplify the calculation:

(n Combustion was complete and takes place entirely within the confines of the

compartment (the heat release rate of the fire is a constant);

2) The temperature was uniform within the compartment at all times (after discharge), and

the gases exhausted were assumed to be at the compartment temperature;

(3)  The exhaust gases and the gases contained in the compartment were assumed to be

saturated with water vapor;

) A single surface heat transfer coefficient was used for the entire inner surface of the
compartment;

) " The heat transfer through the compaﬁment boundaries was unidimensional, i.e., corners

and edges are ignored and the boundaries are assumed to be “infinite slabs;” and

6) Mist droplets were assumed to be heated to the compartment gas temperature.

The individual components of Equation (1) were calculated as follows: assuming a ventilation

limited fire, the heat release rate is calculated using the following equations:
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QFire = C rhair AHR”, (2)

where C is the combustion efficiency, 1, is the air/oxygen available to support combustion, and

AH &, 18 the heat of reaction of air.

The energy/enthalpy lost through the boundaries of the compartment can be estimated using an

overall heat loss coefficient and the following equation:

Q.Eaundary = hr As AT (3)

where A, is an overall heat transfer coefficient (30 W/m’K was used based on previous measurements

[12), A is the area of the walls and ceiling of the compartment (m?), and AT is the temperature

difference between the steady-state compartment temperatures and the initial ambient conditions.

The energy/enthalpy lost out of the vent opening is comprised of two components: the energy
required to heat the air to the compartment temperature, and the energy associated with the saturated
water vapor leaving the compartment. The radiative losses out of the vent opening were assumed to be

negligible. The vent losses are given by the following equation:
Oyt = ng + QH,OW ' @

The losses associated with heating the air to the compartment temperéture are given by the

following equations:
O = iy, C,AT )

where 7i1,,, is the mass flow rate of fire gases out of the compartment, C, is the specific heat of the gas,

and AT is the temperature difference between the steady-state compartment temperatures and the ambient

air entering the compartment. If we assume 1, =~ 1, (i.e., ignore the increase in mass flow rate

resulting from the fuel and water), then the mass flow rate through the compartment can be estimated

using Equation (6), which is applicable to well-stirred compartments [10].
12
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where A is the area of the vent opening, H is the height of the vent opening, g, is the density of air at

ambient temperature, o is the density of the gases inside the compartment, C;, = 0.7 and

g =981 m/s*. The density of gases is a function of temperature and must be calculated

simultaneously with the compartment temperature. If we assume the air entering the compartment is dry
(no water vapor content) and leaves as saturated vapor, the losses associated with this vapor can be

determined by the following equations:

Q.HZOWW, = ’hair 7}120,‘,’,, ‘Lv : (7)

where 11, air was calculated using Equation (6), L, is the heat of vaporization of water, and y B0, 18
vapor

the mass fraction of water vapor in the gases leaving the compartment. The mass fraction can be

calculated using Dalton’s Law if we know the partial pressure of the water vapor and assume it behaves

as an ideal gas. The partial pressure of the water vapor is given by the following equation [13]:

P = e(l8.3—(3816.44/(1‘-46.]3))) 8)

1 4

where P, is the partial pressure of the water vapor in mm Hg (torr), and T is the temperature of the gas in

degrees Kelvin.

The mass fraction of the water vapor was then determined using the following equation:

F,
_F MWH;O
}'HZOW = (P

4 F,
? MWH20+ l-? MW”

®

where P is the pressure of the gas (in this case atmospheric pressure (760 mm Hg), and Mano and M,

are the molecular weights of the water vapor and air, respectively.

Notice that the energy/enthalpy loss associated with the water vapor does not include the heat’
required to heat the water to the estimated temperature. This was included in the term associated with the

water losses.

The energy absorbed by the water mist is determined by the following equation:

Qwaler = ’hwater Cp A T (10)




where 71, is the mass flow rate of the water mist system, C, is the specific heat of water, and

water

AT is the temperature difference between the ambient and heated water based on the initial

assumptions.

Once the size, compartment parameters, and water flow rate were known, the steady-state

oXygen concentration was calculated by first determining the amount of oxygen consumed by the fire and

then diluting the oxygen with saturated vapor. The amount oxygen consumed by the fire was calculated

using the following equation:

QFire = mair AI{R,Oz (7ozamb - 702dry) (1 1)

where QFM is the heat release rate of the fire, 71, is the mass flow rate of air into the compartment using

Equation (6), AH, ,, is the heat of reaction oxygen, and the gammas are the mass fractions of oxygen in

the air flow into and out of the compartment. The mass fraction of oxygen calculated
Y 0,amb Yo,y : 4

by Equation (11) was then saturated with water vapor using the following equation:
70235 = 707dry (l _71120 vapor) (12)

These steady-state oxygen concentrations were used to govern the heat release rate of the fire

depending on the approach taken in the analysis and the conditions in the PDA.

4.2  Application/Results

4.2.1 Defining The Compartment Geometry

There is a reasonable degree of consistency between the damage predicted by the Ship
Vulnerability Model (SVM) developed by the Naval Surface Warfare Center, Carderock Division
(NSWC/CD) [14] and that observed during actual weapon hits. The SVM has been used during
numerous vulnerability assessments (VARs) to predict the damage for a limited number of ship types and
a range of attack weapons. The results suggest that the damage produced by the detonation of a medium
sized weapon is typically two to three decks high, approximately 30 m (100 ft) long and spans the width
of the ship. As a result, a compartment 30 m (100 ft) long, 10 m (33 ft) wide, and 5 m (16 ft) high was

selected as the basis for this analysis.




4.2.2 Defining the Compartment Ventilation

In a previous study, the Naval Research Laboratory (NRL) has bounded the likelihood (and time)
for compartments subjected to weapons induced damage to reach flashover [15]. The analysis was
conducted for steel compartments with natural ventilation (openings to the weather). Twenty-seven
compartment/vent configurations were analyzed using the multi-zone computer model, “Consolidated
Fire and Smoke Transfer,” CFAST [16]. The results show that the likelihood of a compartment to reach

flashover is a function of the ventilation factor to compartment surface area ratio. The ventilation factor,

A «/]7 (where A is the area of the vent (m?) and H is the height of the vent (m)), defines the maximum
heat release rate in the compartment and the energy losses out of the vent openings. The energy losses
through the boundaries are a function of the compartment surface area (45) defined as the area of the
walls and the ceiling and excludes the floor or the vent area. The results suggest that only compartments
with ventilation factor to surface area ratios greater than 0.015 m” are likely to produce and sustain
flashover conditions (Figure 1). For extremely large vent openings, the fires become fuel limited, and the
severity of the fire is decreased. As a result, ventilation factors up to 25 m>? were included in this
evaluation. A ventilation factor of 25 m”” corresponds to an opening one deck high (2.4 m (8 ft)) and

6.7 m (22 ft) long. Forced ventilation was not considered in this analysis.

4.2.3 Defining The Water Mist System Parameters

Since the water mist system design for the DC-ARM program is being refined, and due to the fact
that the conditions of the system would be unknown after the weapon hit, a range of water mist discharge
rates were included in this evaluation. The maximum discharge rate analyzed is 40 to 50 percent of the
current design condition. During the analysis, it was assumed that the mist is used at 100 percent
efficiency. In an actual design and/or specific evaluation, the inefficiencies associated with the spray
characteristics of the system and the conditions in the PDA (i.e., clutter and obstructions) would need to
be considered. A discussion of potential system designs including survivability issues is provided later in

this report.

4.2.4 Analytical Assessment/Trends

The primary unknown in this assessment is whether the space will become well-stirred (i.e., a
single homogeneous layer) during the mist discharge. The conditions (i.e., size, shape, and degree of
obstructions) in the PDA and the characteristics of the water mist system (i.e., flow rate, drop size, and

spray momentum) will govern this phenomenon.
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In an attempt to bound the potential conditions in the space, two analytical approaches were used
in this analysis. The first approach allowed the fire to grow until all of the air/oxygen entering the vent
opening was consumed by the fire. These conditions would potentially occur if the PDA was not well-
stirred (i.e., a two-layer system with a hot upper layer and a cold lower layer) and the fuel was located
low in the space. Alternatively, these conditions could also be produced if the burning takes place
primarily near the vent opening well away from the mist nozzles. The second approach assumed that the
space became well-stirred, resulting in superior thermal managément capabilities to the previous
approach. The reason being that the heat release rate of the fire was regulated by the oxygen
concentration in the compartment. The heat release rate was held constant once the oxygen concentration

in the space dropped to 13 percent (the limiting oxygen concentration for most fuels [17]).

4.2.4.1 Two-layer Analysis

When the conditions in the PDA are not well-stirred and/or the burning occurs close to the vent
opening, the water vapor/steam and vitiated gases contained in the space may not affect the burning
characteristics of the fire. In this scenario, almost all of the oxygen entering the PDA would be consumed

by the fire. In other words, the efficiency factor (C) in Equation (2) becomes one.

The analysis balance was conducted for a range of water mist discharge rates (0-5 kg/s (0-80
gpm)) and ventilation factors (0-25 m*?) on the 1500 m® (54,120 ft’) compartment described previously.
The steady-state temperatures predicted in the PDA as a function of water mist discharge rate and
ventilation factor are shown in Figure 2. As shown in this figure, vent factors larger than 10 m*”* are

adequate to flashover the PDA in the absence of water mist.

For smaller vent openings (smaller vent factors), when the mist discharge rate is greater than the
evaporation rate, the temperatures are reduced below 100°C with only minor differences in temperature
for variation in mist discharge rate (2°C/(kg/s)). For the larger vent openings when all of the mist is
evaporated, the reduction in compartment temperature is linear as a function of mist discharge rate. The
results show that the temperature is reduced 100°C per kg/sec of mist discharge. Based on these results, it
can be concluded that in order to thermally manage the conditions in the space to temperatures less than
100°C for the range of vent factors included in this analysis, the mist discharge rate must be greater than
0.5 (kg/s)/m™. It should be noted that this relationship is not perfectly linear and that the critical value of
0.5 (kg/s)/m*” applies to the larger ventilation factors. The critical value for the smaller vent factors can

be slightly reduced as the ventilation factor is reduced (i.e., 0.4 (kg/s)/m>” for a vent factor of 5 m>?).

11
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4.2.4.2 One-layer (well-stirred) Analysis

In the well-stirred analysis, the equations in Section 4.1 were solved simultaneously until the
oxygen concentration predicted by Equation (12) equaled 13 percent by volume. This is equivalent to

selecting a combustion efficiency of 38 percent for Equation (2) ( C = 038). The well-stirred analysis

was conducted for the same range of the mist discharge rates and ventilation factors. The steady-state
temperatures predicted in the PDA as a function of water mist discharge rate and vent factor are shown in

Figure 3. The amount (percentage) of water/mist evaporated in each scenario is shown in Figure 4.

As shown in these two figures, the thermal management capabilities of the system are
significantly reduced when a majority of the water/mist discharged by the system is being evaporated.
Once all of the water being discharged is evaporated, the thermal conditions would rapidly approach the

two-layer predictions. Systems that discharge more than this critical value are all capable of maintaining

the temperatures in the PDA below 70°C (158°F).

Once the critical mist discharge rate is exceeded, increasing the flow has only a minimal effect on
the compartment temperatures. The explanation for these similar temperatures is associated with the
amount of water being evaporated. The primary energy absorption mechanism is the evaporation of
water, which increases until the gases flowing through the compartment are saturated with water vapor.
Once the mist discharge rate is adequate to produce saturation, the addition of more water only slightly -

reduces the temperatures in the space.

The amount/percent of the water discharged by the system that is evaporated in the thermal
management process is also related to the well-stirred assumption. In the absence of actual test data, a
conservative approach would be to assume that once one-half of the water discharged by the
system/nozzles is being.evaporated, the well-stirred conditions begin to deteriorate, and the temperatures
in the space begin to approach those predicted in the two-layer analysis. This equates to a critical mist
discharge rate of 0.10 (kg/s)/m*>. It should be noted that this relationship is not perfectly linear and that
the critical value of 0.10 (kg/s)/m*” applies to the larger ventilation factors. The critical value for the
smaller vent factors can be slightly reduced as the ventilation factor is reduced (i.e., 0.07 (](g/s)_/my2 fora

vent factor of 5 m*?).

13
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4.2.4.3 Analytical Summary

The two approaches (two-layer and one-layer (well-stirred)) tend to bound the potential
conditions in the PDA following a weapon hit. When considering/developing water mist system design
parameters/ characteristics, emphasis should be placed on achieving well-stirred conditions in an attempt
to thermally manage the temperatures in the space with the least amount of water. By producing well-
stirred conditions, the heat release rate of the fire is significantly reduced by exposing the fire/fuel to
water vapor and vitiated gases. These benefits are shown for a range of battle damage conditions (three

size openings to the weather) in Figures 5, 6 and 7.

Figure 5 illustrates the bounding conditions in the PDA as a function of mist discharge rate for a
smaller opening to the weather (ventilation factor of 5 m*” (1.8 mx 1.8 m (6 ft x 6 ft))). Figure 6
illustrates these conditions for a medium size opening (ventilation factor of 10 m”?(2.5mx25m(8ftx 8

ft))), and Figure 7 illustrates the conditions for a larger opening (ventilation factor of 15 m”?(3mx3m

(10 ft x 10 f))).

As shown in Figure 5, due to the small size of the opening (limiting the oxygen available to
support combustion), the unabated fire would only reach 7.5 MW and produce upper layer temperatures
on the order of 200 °C. Although the conditions in the PDA are not severe with respect to the global
environment, depending on the type and configuration of the fuel in the space, localized heating of
bulkheads and decks could still result in fire spread to adjacent spaces. In this scenario, only a minimal

amount of water mist would be required to mitigate the hazard and significantly reduce the likelihood of

fire spread.

As shown Figures 6 and 7, both of the larger vent openings could support flashover conditions
(upper layer temperatures in excess of 500 °C) if the fire burned unabated. In either situation, if the mist
system was capable of uniformly mixing the gases in the PDA, less than 1.0 kg/s (16 gpm) of water
would be needed to reduce the average temperature in the space below 75 °C (167 °F). A majority of this
temperature reduction is associated with the suppression of the fire (reduction in heat release rate due to
the lower oxygen concentration at the fire) rather than the absorption of heat. In both cases, the fire size
was reduced by an order of magnitude due to the discharge of the mist. If the mist system cannot produce
a well-stirred environment (i.c., a two-layer system), significantly more water is required to reduce the
temperatures in the PDA to less than 100 °C. In either case, the required flow rates are fairly low when
considering the volume/area of the PDA. A water mist system designed to meet the DC-ARM
requirements would discharge approximately 760 Lpm (200 gpm) of mist in the area of the ship
designated as the PDA. This is approximately an order of magnitude greater than that required to

thermally manage the conditions in the space.
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50 WATER MIST SYSTEM DESIGN CONSIDERATION

There is a significant body of data that demonstrates that uniformly spaced overhead mist nozzles
can produce well-stirred conditions in almost any compartment configuration [18]. However, previous
weapon effects testing has shown that systems running through the PDA, particularly in the overhead near
the centerline of the ship, are most susceptible to damage and are unlikely to survive the blast. Asa
result, new design approac};es need to be developed and tested to determine their survivability and their

capabilities to mix the gases in the PDA (i.e., produce well-stirred conditions).

The simplest design approach to increase system survivability would incorporate sidewall
nozzles installed in each bulkhead. (Depending on the ship configuration, nozzles may be
required on the athwart-ship bulkheads.) In order for this design to produce the desired well-stirred
conditions, the system must discharge mist with a high enough momentum to reach halfway across the
PDA (in this exercise, 4.6 m (50 ft)). Only a limited number of high pressure water mist systems have
adequate momentum to meet this objective. The nozzle spacing/location in such a design is also critical.
Other types of water mist systems, such as low and intermediate pressure single fluid systems or twin

fluid systems, are unlikely to produce these conditions [19].

If it is determined that the clutter/obstructions in the space is likely to prevent even an optimized
system from producing well-stirred conditions, the system may still provide significant advantages. At
‘minimum, the system should be capable of thermally managing the conditions/gas temperatures in the
area local to the nozzles. This would provide two functions: prevent fire spread horizontally outside the
PDA, and prevent ignition of combustibles near the boundary. Since previous WET evaluations noted
that a significant portion of the contents (combustibles) in the space are blown/thrown against the closest

intact boundary, pre-wetting the material located near these boundaries may also significantly reduce the
duration of the fire.

In some scenarios, thermally managing the conditions at thé perimeter of the PDA may, in itself,
be adequate to prevent fire spread in all directions (both horizontally and vértically). In a significant
number of the cases (actual data and predictions), the point of detonation is located almost exactly in the
center of the PDA. This center location is least likely to be well-stirred due to the distance from the
nearest water mist nozzles. However, due to the holing in the decks and the relocation of combustibles
away from this area, the amount of fuel at this location would be limited. This lack of fuel may prevent
localized plume effects from spreading fire vertically upward in this region while the thermal

management provided by the mist around the perimeter prevents fire spread to the adjacent spaces.
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6.0 SUMMARY

A water mist system that incorporates a survivable design has the potential to significantly reduce
the thermal conditions in the PDA following a weapon hit. This reduction in thermal conditions would

certainly prevent flashover and could potentially prevent fire spread to adjacent compartments.

The analysis put forth in this paper demonstrates that the likelihood of the PDA to reach flashover
following a weapon hit is a function of the size of the opening to the weather created by the blast. Up to
the point where the fire becomes fuel surface limited, the larger the vent opening, the greater the fire size
and the higher the resulting compartment temperatures. The increased air flow provided by the larger
vent opening also dictates the amount of water vapor required to saturate the gases in the PDA. Asa
result, the amount of mist required to achieve thermal management is also a function of the size of the
vent opening. A review of previous weapon effects tests, ship vulnerability modeling predictions, and

incident data suggests that large vent openings are, however, less likely.

The results of this analysis demonstrate that the conditions produced by the fire following a
typical weapon hit could be mitigated (i.e., thermal management of the conditions in the PDA and the
prevention of fire spread to adjacent spaces) by appropriately discharging a minimal amount of water mist
into the PDA. Separate R&D programs have been proposed to study the effects of preemptive discharge
of water mist on mitigating the effects of the blast. The results show that 40-80 Lpm (10-20 gpm) of
water mist could potentially cool the PDA to less than 100°C and prevent fire spread to adjacent spaces

for the range of battle damage conditions included in this analysis.

Additional research is needed to bound/confirm some of the assumptions adopted during this
analysis. More specifically, the ability of sidewall nozzles or other potentially survivable designs to
produce well-stirred conditions in the PDA needs to be evaluated for a range of mist system, compartment

geometries, and ventilation parameters. This research is tentatively scheduled for the Spring of FY02.
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